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The Radiation Survey of Ground Deposited 
Radioactivity 


Summary 


This report describes the survey of fallout in the test area at 
Maralinga during Operation Buffalo, The differences between tower and 
ground detonations are clearly shown and the activity deposited has been 
deduced for the two cases, 


Received on 22nd July, 1957 


BES EES. 


Table AEB nis 


Introduction 

Survey Area 

Vehicles 

Instruments 

4,4 Types 

4,2 Description 

Round 1 - Method of Survey 
Stages 
Initial Reconnaissance 
Survey of Roads and Tracks 


Crater Survey 


Round 2 

Round 3 

Round 4 

Rounds 4, 2 and 4 - Integrated Fission Product Deposition 
Discussion 

Conclusion 

Reference 


Figures 1 - 12 


uw oon EF Ff Fw ew Ye we 


Ann Vn 


wo an wv 


4. Introduction 


This report describes the methods used to survey the extent of the 
fallout in the test area from the four atomic explosions, Operation Buffalo, 
at Maralinga in September and October, 1956, 


Rounds 4 and 4 were tover bursts, Round 2 a ground burst and Round 3 
an eir burst, Detailed surveys were made on Rounds {1 and 2, Round 3 was 
expected to give little fallout and only readings necessary for the early 
recovery of scientific records were made, 


The Round 4 survey was made by the No, 1 Canadian R.D,U, as a military 
exercise, The crater surveys on Rounis 1 and 4 were mde on D + 10 days 
by teams of British and Australian army personnel respectively, 


2. Survey Area 


A grid map of the survey erea is shown in Figure 1. The heavy lines 
are the roads laid by the Task Force prior to the arrival of the Scientific 
Party, After their arrival it was decided that an accurate radiological 
survey would be facilitated by sub-divisions of the grid, Secondary tracks 
de end are shown as dotted lines in Figure 1, 411 tracks and roads 
ileposted, the milometers of the survey vehicles having been calibrated 
previously on a chained stretch of road, 


SH Vehicles 


The vehicles used in the preliminary survey ani on the operation itself 
were hani=topped Lanirovers, fitted with 4/1 0th milometers and two-way radio, 


4, Instruments 


4,4 Types 


Two types of radiation detecting instruments were usedi- 


(4) y Survey Equipment Type 13904. 


(2) B/y Survey Equipment Type 139A. 
-3- 


4,2 Description 


(4) ype 1390A 


This battery operated ionisation chamber equipment (Figure 2) 
has been designed to measure y dose-rate more accurately than 
existing radiac survey instruments, The field of view has a solid 
angle of nearly 4a and response is uniform, to within 8%, over an 
energy range from 65igugiprtope aD y<qneeg two detector units 
and a common indicator unit the dose-rate Scale is covered in ten 
ranges from 10 mr/h to 30 cae eee The ionisation 
chambers used in both detecto: have volumes of about 300 cm, 
The polarising electrode wall thickness is about 4,50 mg/em* of 
conducting phenolic plastic which has absorption characteristics 
very similar to those of air, over the range of y energies to be 
measured, The outer shell of the chamber is about 950 mg/cm of 
aluminium, making a total thickness of about 4400 mg/cm®, Both 
jonisation chambers are sealed and filled with dry air at 6.5 
atmospheres and at 0,65 atmospheres absolute respectively, 


The current from the ionisation chamber is fed into a high 
value input resistor which is connected in series with the feed- 
back line of a two valve direct current amplifier. The loop 
gain of this amplifier without the 400% feedback, is about 40 and 
the response time obtained on the most sensitive range is less 
than one second, 


(2) Type 13944 


This battery operated equipment was used as the standard @ 

asuring instrument (see Figure3), It is similar to the 1390A 
instrument both electrically and mechanically, The ionisation 
chamber comprises hemispherical collector and polarising electrodes 
ani is covered with a detachable @ shield which is removed for 
plus y measurements, The thickness of the @ window is 30 mg/cm? 
and that of the shield approximately 1400 mg/em*, The ion 
chamber has a 2r geometry for # radiation, 


The dose-rate ranges are O- 0.14, 0-1, 0 - 40 and 0 - 100 r/h 
ami the energy characteristics with the shield on are similar to 
those of the 4390A equipment. 

When in use both 1390A and 13%A instruments were held with 


the ionisation chamber 1 metre from the operators body and 1 metre 
from the ground, 


5. Round 4 - Method of Survey 
5.1 Stages 


The survey was mde in three stages:— 


al 


(4) Initial reconnaissance to enable scientific records to be 
recovered at an early stage after explosion, 


(2) Survey of all main roads and secondary tracks on the grid. 
(3) The crater survey, 
5,2 Initial Reconnaissance 


The survey teams, dressed in full protective clothing, were 
stationed at Forward Control, 10 miles from Ground Zero, at the time of 
firing, After briefing, re-entry was made within ten minutes of firing, 

The object was to confirm that the site previously chosen for the mobile 
Health Control Centre was clear of fall-out and to erect warning notices 

at the 2 r/h contour, These dose-rate readings were transmitted to Forward 
Control enabling an early re-entry programme to commence, Because of the 
late firing time, 17000 hours, it was not considered advisable to operate 
the three remaining survey parties and therefore the main survey on the grid 
did not start until D +1 day. 


5.3 Survey of Roads and Tracks 


From D +4 day toD + 5 days four teams of three surveyors were 
used, Readings were taken at 1/10th mile intervals and the dose-rates 
entered on a record sheet together with the location and time of reading, 
By D + 5 days the survey of all but the central region around Ground Zero 
had been completed, 


5.4 Crater Survey 


The crater survey was made on foot on D + 10 days by three tcams 
of two surveyors, readings being taken along three diameters of the crater, 


5.5 Dose-Rates 


The dose-rate readings converted to H+ 24 hours, except those 
of the crater which are show in Figure 6, are showm in Figure 4, while 
Figure 5 shows the "onion" neck of the plume on & larger scale map, The 
Total Activity readings have been deduced using an observed decay curve for 
Total Activity (Fission Product + Induced Activity) obtained as a separate 
task, The corresponding Fission Product dose-rates have been calculated 
from a theoretical fission product decay curve, Ref, (4). 


The crater survey dose-rates given in Figure 6 have been presented 
as readings actually made on D + 10 days amd plotted against distance from 
Ground Zero, Dust storms and heavy rain occurred during the week after the 
burst ami it was not considered justified to correct the readings back to 
H + 24 hours, 


6. Round 2 


As on Round 4 a reconnaissance, by one team, was made of the instrument 
lane and the Health Control site within 30 min of the explosion, It was 
also possible for the remaining three teams to make a rapid reconnaissance 
of the outermost roads of the grid before night-fall and by the same evening 
it became evident that the fallout had split into two separate plumes, the 
stem having blowm North and the upper part North-Easterly, As in Round 4 
dose-rate readings were taken at 1/4{Oth mile intervals on the roads and 
secondary tracks of the grid, The survey was completed by D + 4. days, The 
plotting of the North-Easterly plume was complicated as it overlapped the 
Round { pattern, which itself was contributing to the dose-rate, For each 
position on the grid it was necessary to compute the fraction of the dose= 
rate contributed by the Round 1 fallout at known positions before the 
Round 2 fallout pattern could be plotted, 


The dose-rates, converted back to H + 24 hours, using the two curves 
mentioned in Section 5,5, are shown in Figure 7, Figure 8 is a larger 
scale map showing detail near Ground Zero, 


7 Round 3 


No detailed survey was made on this round but a rapid reconnaissance 
to clear the Health Control site, instrument lane and camera towers was 
made within 2 hours of firing, 


Measurements were made at Ground Zero at H + 1 hour and the mximm 
dose-rate recorded was 17 r/h, 


8 Round 4 


The survey on this round was made by the No, 1 Canadian RDU, under the 
Command of Major R, MacDonald, operating under military conditions, An 
operational headquarters was set up ami as the dose-rate readings were made 
they were radioed to the military commander, converted to the H + 4 hour 
reading and plotted. on a map. The instruments used were Victoreen No, 592 
y Survey Meters and the fallout plot was completed 14 hours after time of 
burst, The +” °° decay law was used to convert the dose-rates back to H +4 
hour, but the contour map at Figure 9 has been corrected to H + 24 hours in 
a similar manner to the previous rounds, Figure 10 is a larger scale map 
showing detail near Ground Zero, 


The crater survey was made on D + 10 days by the Australian RDU ani 
the actual dose-rates measured are plotted against distance from Groumd Zero 


in Figure 11. 


9. Rounds 1, 2 and 4 - Integrated Fission Product Deposition 


Dale ond Bomyer, Ref. [1], have shown that the ratio of dose-rates fran 
fission products (r/h) to fission product deposition level (c/m*) is 8.75 
at H + 2) hours, Curves have been drawn relating fission product deposition 
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level to the area enclosed by deposition level contours, The area under 
this curve gives the total deposition within the limits of the grid survey. 
The curves for Rounds 1, 2 and 4 are shown in Figure 12, 


Results:= Round 4 deposition = 5 x 10® curies. 


Round 2 deposition = 2,05 x 10° curies, 
Round 4 deposition 4.63 x 10° curies, 
40, Discussion 


During the survey the dose-rates measured were due to total activity 
and in drawing the dose-rate contours due to fission products only, it has 
been assumed in using a ratio between fission products ond induced activity 
that this ratio holds throughout the fallout area, In fact this ratio was 
measured at a few specific points only and this assumption my not be valid, 
It has also been assumed that a dose-rate of 8,75 r/h measured at 4 metre 
above the ground is equivalent to a fission product deposition of 14 cfm? 
of 24 hour fission products and this figure has been used in calculating 
the total fission product deposition, There is some suggestion that this 
figure may be too high if applied to rough terrain but no direct evidence 
is available, 


The dose-rates measured in Rounds 1, 2 am 3 are correct to within 
us 5% and the positions at which readings were taken known to an accuracy 
greater than 4/20th of a mile, 


Providing the assumptions discussed above are correct the dose-rate 
contour maps should be accurate to within + 10% 


The Round 4, survey was made by the No, 1 Canadian RDU using their 
Victoreen y survey equipment and it was not possible to investigate the 
energy response and other characteristics of this equipment, However, 
inlepenient dose-rate measurements were made along a ten mile stretch of 
road in the fallout of this round using the 1590A equipment, primarily to 
check the calibration of special instruments in aircraft which were making 
an nerial survey. The y dose-rates obtained with the 1390A equipment were 
in reasonable agreement with those obtained by the Canadians, 


44. Conclusion 


The methods of survey proved to be satisfactory. However, any future 
ground survey work would be facilitated by incorporating compasses in the 
vehicles ani increasing the number of roads in the North-East sector of the 
survey grid, The accounting of fallout would be increased in accuracy if 
some experiments could be made to determine the dose-rate above fission 
products deposited on the local terrain, It so happened that the lowest 
jose-rates measured in Rounds 1, 2 ani 4 were 0,017, 0.008 and 0,04 r/h 
at H+ 2h hours respectively. However, it has been calculated that the error 
introduced by ignoring lower dose-rates is less than 0.5% It is felt, 
therefore, that the reduced deposition on Round 4. is real am cannot be 
accounted for by experimental error. 


Reference 


G. C, Dale and Janette C, Bomyer: "Dose Rates from Ground Contaminated 
with Residual Radioactive Materials from an Atomic Explosion", 
AWRE Report 0-35/56(X). 
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FIGURE I. GRID LAYOUT MARALINGA. 


FIG. 2. GAMMA SURVEY EQUIPMENT TYPE 1390A 


FIG. 3. BETA/GAMMA SURVEY EQUIPMENT TYPE 1391A 
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FIGURE 7 BUFFALO ROUND 2 GAMMA DOSE RATE CONTOURS. 


bopeos 


EXPLOSION OF | KTON (APRROX) WEAPON 


AT H+ 24 HOURS 
[conTOUR | Fissipy PRODUCT] Tora AcTNTTY 
Dose Aare" | “bose RATE 


0-008 r/h | 0019 e/h 
0.048 F/n [Ol 
0-079 -r/_| 01 
0:79 ~efh | _10 
1st] 38 
24 em | sa 
316 ef _| 76 
79 dn [19-0 
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FIGURE 10. BUFFALO ROUND 4 GAMMA DOSE 
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Radiation Surveys of Totem Cra 


Summary 


The craters of the two Totem weapons were re-visited after 630 days 
and a careful survey made of the idual activity. At the same time soil 
and vegetation samples were collected, 


The results of the survey are compared with those made at D+ 9 days. 


on Officers 
further use for it. 


4. Introduction 


Two atomic deviees code named Totem 1 and m 2 both of similar yield 
were loded at EMU Flats South Aust: n th October and 27th October 
W955 ere ively, The testing site was revisited in July 1955 and this 
report describes He thoc a e results obtained during a radiolog- 
deal survey e Meccan neies bet m the dose rates now 
measured and € Ce dose de: curves based on dose rate 
measurements over a period from H + 1 hour to D+ 40 days are discussed, 


A brief description is also given of the methods uscd to collcct soil end 
vegetation samples for analysis. 


2. It was decided that the "a f making the survey would 
be to take readings at five- intervals alo symmetrically spaced 
radii of a circle the centr which would b Zz Ground sero (0) 

ch crater was fixed ace tely between the four s @ base plates of the 

nal towers and white po erected from which compass bearings could 

The compass bear of the line of iron posts in the old instrument 

lanes was ta as é line OA ond from the centre it was possible to direet 
the erection of seven more white posts B, C, D, BE, F, G and H at 45° intervals 
in a clockwise direction and at about 200 yds eal from 0, 


3. ‘Two types of instruments were used in the survey: 


(a) a modified 1043 D gamma monitor with a 6./ inches x 9 inches 
diameter Tufnol chamber of wall thickness 1,600 mg per cm, 
sufficient to absorb primary beta radi: coe The instrument 
thus modified read 0-16 me per hour, The response of this 
instrument against photon energy is shown in Fig. 3.1. 


a 1313 gamma monitor which read 0-50, 0-500, 0-5000 mx per 
hour respectively on three ranges. 


Both these instruments were carefully calibrated against a 
knovm Cobalt 60 source at Aldermston, They were checked 
in the field on the day preceding the survey and found to 
have held their calibration, 


1. Protective clothing consisting of white boiler suits, socks, rubber boots 
cloth overshoes, linen caps and rubber gloves was worn by all working in the 
crater area, It was not considered necessary to wear respirators as no dust 
appeared to be thrown up from the “pie-crust" surface of the ground, 


5. The 1043D monitor was regarded as the most reliable and accurate instrument 
and its range 0-16 mr per hour was sufficient for recording the dose rate at all 
points except for an area 10 feet in diameter at the centre of Totem 1. 

A comparison was made between the 101.3 and 1313 monitors over a reduced area 

60 yards diameter at the centre of each crater, This showed that the 1313 
monitor was reading 25% high possibly due to inadequate shielding of this 
Snsotramont to Beta radiation, All survey measurements were taken with the 
instrument at armslength and 1 metre from the ground. 


6. Figs 6.1 - 6.4 show the dose rate measurements from the fringe of the 
erater to ground zero. 


The maximum dose rates recorded in this systumatic survey occurred at 
ground zero in each case and were as follows; 


Totem 1 - 18.5 nx per hour 


Totem 2- 16 mr per hour 


Near 
Surface 


29 


80 


yards in 


One of the four square tower base 


plat 


The abi fi off purely random samples of debris, and 
it is inter of the tower base plates was a high reading 
obtained, +! no significant increase over the surrounding level, 


nin a repre ive n area 2 metres square 
d out on a reas Le a ie 2 f la the surface 
th collected, ‘ovised cor = sr o o galvanized 

1 eration 


and wire down the fe 

dose reading at 1 met ve the sample area just before collection was 

mx per hour and the distance and direction of the sample area from the 
centre was 8 yds, along OH, The total ght of earth collected was about 
400 pounds, 


th surface and 5" deep were 

n the fall-out area of Totem 1, 
Owing to at e to collect as many samples of grass as 
was ho ed, but representative samples of herb and soil were collected and 
packed in polythene bage. 
De 
Comparisons on a’ 
are shown in Figs 9.1 and 


Using the measured decay bi up to 40 days, together with a theoretical 
decay to 630 days, which agreed the Totem decay up to 40 days and with the 
Hurricane up to 400 days, the centre values at H + 1 hour and D+ 630 days have 
been evaluated and are shown below:— 


: H+. D+9 | D+ 630 D+ 630 
CEates Caleulated| _Measured__| Calculated Messured_| 


Totem 1 | 4100 xfhr 5.3 x/hr 11 m/hbr 18.5 mr/hr 


Totem 2 7750 x/hr 9.3 x/hr 19 mr/hr 16.0 fake | 
=o 
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FIG.6:1. DOSE RATE IN MILLIRONTGENS PER 
HOUR IN T.l. CRATER ON 5'h JULy 1955. 
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FIG 62 DOSE RATE IN MILLIRONTGENS PER HOUR 
IN Tl. CRATER ON 5! JULY 1955. 


tl 
7 
45 
16 153 IS 10 86 
155 
or 
2 


EACH CIRCLE REPRESENTS 5 PACES = Il FEET 


FIG. 6:3. DOSE RATE IN MILLIRONTGENS PER 
HOUR IN T.2. CRATER ON 6 JULY 1955. 
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FIG.6-4 DOSE RATE IN MILLIRONTGENS PER HOUR 


IN 7.2, CRATER ON 6! JULY 1955. 
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+ © D+9 DAYS 
X D+630 DAYS 


° 50 
YAROS ——= 


TOTEM I CRATER SURVEY. 


. STRK Drsblerg— +3 
\ ps 
: 1. J, 


17 Pages. B 15 
v 


? 
r 


ras EsS/ +O 


UNITED KINGDOM ATOMIC ENERGY AUTHORITY 


DECLASSIFIED FOR PRC |! 


BY AWE ALDERMASTON | 
ATOMIC WEAPONS RESEARCH SHMENT 
REPORT No. T 4/57 
OPERATION BUFFALO 
Target Response Tests 
(Co-ordinator: E. R. Drake Seager) 


The Decontamination of Radioactively Contaminated Drinking Water 


in the Field 


Maj. D. B. B. Janisch, R. A. 


et al. 


——_ 


AW.RE., 
Aldermaston, Berks OTTO Jy 1957 


United Kingdom Atomic Energy Authority 


ATOMIC WEAPONS RESEARCH ESTABLISHMENT 


REPORT NO. TL/57 


OPERATION BUFFALO 
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Summary 


A method of removing dissolved fission products from potential drink- 
ing water supplies in the field has been developed at the Water Pollution 
Research Laboratory (DSIR). This report deals with field trials of a 1/20 
scale apparatus that was used at Operation Buffalo, The apparatus worked 
effectively with the exception of removal of radioactive iodine. Recan- 
mendations regarding future development policy are made, 
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1. Introduction 
4.1 Historical 


Late in 1954 it was suggested to the War Office that, with the 
introduction and use of tactical nuclear weapons, it would not always be 
possible for a unit in the field to have available supplies of drinking 
water that were not radioactively contaminated, 


It was accordingly decided that an investigation should be made 
into possible methods of decontaminating water in the field, This work 
was carried out by the Water Pollution Research Laboratory (DSIR) at 
Stevenage, Hertfordshire, working on a brief prepared by the War Office 
Representative, the Army Medical Liaison Officer and the RAF Medical 
Representative at AERE, Harwell, 


In this brief, it was suggested that the initial development of 
equipment should be centred around the 200 gallon "Regimental Water Truck’, 
leaving the larger continuously working equipments (the Paterson 3000 gal/h 
and the airborne 1000 gal/h) as a second stage development. 


At the time at which the brief was prepared, medical opinion 
considered that the organ-seeking elements strontium and bariun ‘bone- 
seeking) and iodine (thyroid-seeking), were the major hazard to humans 
drinking radioactively contaminated water, Since that date, opinions 
have changed and it is now considered that during the first few days 
after the burst, the dose to the gastro-intestinal tract from all the 
fission products, is of equal, if not greater, importance. It will be 
seen in the report that follows that although the method was developed 
around removing strontium, barium, and iodine, it effectively removes a 
large proportion of the other fission products as well, 


As far as the Armed Services are concerned, the trials at pres- 
ent reported are the first to have been carried out under United Kingdom 
auspices, 


The problem is not easily predictable as the actual elements, 
as well as their proportions, will vary depending on the circumstances of 


== 


the explosion (i.e., underground, gr6und or air burst, terrain over which 
exploded etc,), and the time after burst that the water is treated, It is 
therefore probable that the relative proportions of fission products, and 
their absolute concentration would differ with fall-out from (say) an 


underground burst in clay from those resulting from a low air-burst in a 
sandy area, 


The present report records the work carried out at the WPRL and 
at Maralinga, The more complicated parts of the report relating to the 
detailed chemistry have been relegated to appendices for the sake of 
clarity. In addition, footnotes explaining certain chemical terns have 


been added for any readers who may not be familiar with chemical phrase- 
ology. 


4.2 Outline of Work at WPRL 


The Water Pollution Research Laboratory developed in the first 
place a laboratory apparatus designed to remove the organ-seeking elements 
strontium, barium and iodine in partiqlar, This apparatus proved success— 
ful when used with solutions of salts of these elements and therefore as 
a second phase, an apparatus was developed with the capacity to deal with 
the relatively high flow-rates met with in field water purifying equipments. 


Two forms of this apparatus were designed: one a full-scale 
equipment using an actual Metafilter from an Army 200 gallon water truck, 
and the other, a portable apparatus working on 1/20 scale, The former 
equipment, working as a laboratory mock-up and handling 200 gallons of 
water in 20 mimtes, the flow-rate in the 200 gallon water truck, showed 
that the combined treatment would remove activity caused by iodine (Chala) 
as iodide, strontium (°*Sr and °°Sr), barium (140pa), cerium ('*4Ce) and 
zirconiun/niobiun (Zr/? Nb). 


The second of the equipments incorporated one Metafilter candle 
in place of the eleven used in the Service water vehicle; this equipment 
was taken on Operation Buffalo and operated there by the War Office Radiac 
User Trials Team*, 


4.3 Principles Used for Removal of RA Elements 


The early trials indicated that a cation-exchange resin was 
adequate for removing strontium and barium (because they behave chemically 
in a manner similar to calcium), and that aap kieselguhr would remove 
iodine when present elementally or as iodide’, 


Accordingly, the full-scale ani 4/20 scale ‘second stage’ equip- 
ments used these materials. 


ea 
¥ 


Major De Be Janisch (War Office Representative, AERE), Major P. T. Thwaites and Captains 
Me Hy Blakeney, Te Te Bunn, A. J. McCance and As @. Re Makepeace. 


t ‘the element iodine may be present chemically as the element itself, or in an "acid radical" 
forming 4 salt with a metal, In these latter circumstances, the salt may be an fodide (~I'), an 
lodate vee) or a periodate vote ‘The reaction with metallic silver will take place only when 


the Jodine 1s present as the element or as an fodide. 


ah 


Task 


The task was to produce an equipment that: 


(1) would remove radioactive strontium, barium and iodine and as 
mach other activity as possible, 


(2) would do this at the relatively high flow-rates met in Service 
water purifying equipment, 


(3) would use relatively cheap materials, and hence, in its finished 
form, would not increase the cost of water purifying equipment unduly, 


(4) could be incorporated in existing water equipment, 
3. Method 


It was found by WPRL that the process indicated in the following 
flow diagram was the most suitable: 


Tank for 

*Normal* 
Purifying, 
and Storage 


The ordinary Kieselguhr used in the Metafilter was replaced by sil- 
vered kieselguhr* ; the filter bed came immediately after the pump in 
order to have the filtration stage as soon as possible. 


Following the Metafilter, a new bed was introduced, containing a 
cation exchange resin? between the filter and the storage tank, Associated 
with this bed were the necessary by-pass and regenerating fittings. 


On the 1/20 scale equipment, which is the subject of this report, tthe 
complete Metafilter which is fitted to the 200 gallon water truck and con- 
tains eleven filter candles, was replaced by one candle, so that if ten 
gallons were treated in 20 mimtes, the flow-rate through the filter would 


be a x 11 x 100 = 55% of that on the full-scale equipment. The size of 
the resin bed was similarly adjusted. 


An annotated photograph of the equipment is shom in Figure 1, The 
method of setting it up is described in Appendix A. 


— 


S The normal variety is Metasil ‘At; the s{lvered variety was Metasil 'ALAGt manufactured by the 
Metafiltration Coe Ltde 


t ZeoKarbd 225, manufactured by the Permutit Coe Ltd, This is & cation exchange resin in which 
{ots of sodium are loosely held, Sodium fons will exchange with fons of calcium, strontium or 
barium when water containing the latter fs passed through the beds An ordinary domestic water 
softener employs an fon~exchange material. 
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3.1 Production of Contaminated Water 


An attempt was made to collect fall-out fram Round 1 (tower burst) 
and the top layer of a few square yaris of the soil in the fall-out area was 
collected so that there was sufficient activity present in the sample. On 
sorting this soll, almost all of the activity was found to be concentrated 
in a small number of tiny glass-like spheres obviously consisting of fused 
sand. These were of course found to be almost insoluble in water; facili- 
ties were-not easily available, neither was it considered expedient, to 
conduct the rather elaborate chemical processes necessary to bring this 
material into a neutral aqueous solution, Because of this relative insolu- 
bility, drinking water taken from this area would probably have beenaccep= 
table from the radioactive point of view*. 


In order to obtain samples of contaminated water, the filter 
papers from one of the cloud-sampling aircraft in Round 3 (air burst), 
were tised, These were macerated, and the soluble portion of the fission 
products leached out, The samples were collected shortly after F hour; 
the leaching out took place during D + 3, i.¢., about 70 hours after 
burst, and the water was treated on D + 4, ieee, 92 to 400 hours after burst. 


The original intention was that there should be 10 gallons of 
contaminated water of an activity such that an adequate reading would be 
obtained on a Contamination Meter No, 1 using the liquid counting tube, 
When however a sample of the original leaching solution (which had been 
made up to 450 ml) was tested, it was found that a sample diluted to 1:10 
gave a reading of only 1.3 mr/h and one of 1:4 dilution, a reading of 4,0 
mr/h. In other words, dilution of the original solution to only 1:10 would 
give a solution on the lower limit of contamination * Further supplies of 
fall-out were not available and a decision had to be made regarding the 
procedure to be followed, 


In view of the fact that a carrier was going to be added to the 
solution before treatment, it was decided that no hamn would be done if the 
solution were diluted to the mich larger volume required for the equip- 
ment, and an alternative means of measuring the activity usedt. 


The solution was accordingly diluted with distilled water to 
make up a total of 18 litres, i.e., a dilution of 1:40. All subsequent 
measurements of activity were made using an AERE Type 1221 Scaling Unit 
and a 20th Century Electronics liquid counter type MéHt , 


i ar panera 
* {.0., by the accepted military emergency standard, of being fit for drinking up to ab utres/ 
man/day for 10 days. 


+ me carrter solution consists of (non-radioactive chenically similar substances present in 
much larger quantities than the fission produets. Hence any chemical or physical-chemical pro 
cesses Will affect the radioactive substances to & proportionately smsll degrees The solution 
used here gave concentrations of about 200 pePelle of calcium, Ovo PePeme strontium and Ook, PePelle 
barium, 


‘The M6H counting tube is similar in basic design to the liquid counter used with the Con= 
amination Meter No» 1, for water contamination measurements. It consists of a thin-walled (beta~ 
sensitive) Geiger counter with 4 re=entrant which enables 4 definfte amount of the liquid to be 
measured, to be plaged around the counter itself. 


aoe 


3.2 Decontaminating Procedure 


The diluted "fall-out solution" was divided into four portions 
of approximately a gallon each, Each of these portions was passed through 
the equipment and treated. The circumstances of treatment varied slightly 
fron portion to portion, e.g., some portions were passed through an ordin-~ 
ary (unsilvered) kieselguhr filter, while for others, the ion-exchange’ bed 
had been regenerated, Full details are given in Appendix B. 


4 Results 
Detailed results are given in Appendix C, 
From these results, it will be seen that:= 


4) Activity of untreated contaminated water fed into equipment 
Portions A, B, C or D) *: 2460 counts/min, 


(2) Activity of ist. gallon after treatment (At): 136 counts/min. 


(3) Activity of 2nd, gallon after treatment (B,): 323 counts/min, 


(4) Activity of 3rd. gallon after treatment (Cy): 382 counts/min, 


This indicates that approximately 95% of the gross activity was re- 
moved from the 1st. gallon during treatment but that the efficiency drop- 
ped to 85% on the subsequent two gallons. This was using a silvered 
kieselguhr filter and the same ion exchange bed throughout. 


Treatment of portion D with an unsilvered kieselguhr filter and with 
an ion exchange bed that had already treated three mllons, removed only 
about 60% of the gross activity. However when this portion was reprocessed 
(as Dt) through a new ALAG filter and a regenerated ion exchange bed, vir~ 
tually no activity was detectable in the effluent Digs 


The effluent from the third gallon to be processed (C,) was reprocessed 
through a filter bed and ion exchange bed that had already treated one 
gallon, and shewed a reduction of activity from 382 counts/min to 147 counts/ 
min, a figure in line with the activity remaining in A,. 


When the ‘ton exchange bed was regenerated, a sample fram the washings 
shewed an activity of 3332 comts/min, It is to be assumed that the 
majority of the activity removed by the ion exchange bed was washed out in 
regeneration, Hence the activity from 18 litres of solution (portions A, 

B, C and D) that had been removed by the resin, was concentrated into the 
4.25 litre of regenerant washings. Presumably therefore, had these washings 
been diluted to the original 18 litres, the activity recorded would have been 
jane eR DES TES ene LESTE da eS 


*me four portions of solution are referred to as A, By C Gnd De After one pass through the 
apparatus, the effluents are referred to as Ags Bry CtCe The effluents of portions treated 
twice are referred to as Age etc. 
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4.2 : 
332 x ue = 232 counts/min, as compared with 2460 counts/min recorded 
for the raw water, i,e., only 10% of the total activity, This however 
is of the same order as the proportion of strontium and barium likely 
to be present in the raw water, 


Samples of both the raw water and of the third gallon after one 
and two treatments (O, and C Fe) were returned by air to the WPRL who 


subsequently carried out radio-chemical analysis on them, Their res- 
ults are given in Appendix D. 


5. Conclusions and Discussion 


The results in Appendix D, Table Di show that the major active 
constituent in the effluent was iodine (onl; 34% of the total having 
been removed in the sample sent to the WPRL), while upwards of N% of 
the strontium and barium was removed, 


It should also be borne in mind that iodine occurs in fission 
products in a relatively high proportion, 


The evidence in Appendix D, Section D2, suggests that a large 
proportion of the iodine activity in the air filter samples which 
WERL had received, was present in a reducable anionic form such as 
iodate, and not, as has been suggested, as iodine or iodide, 


If the proposed method of treatment is to be further developed, 
and if efficient removal of iodine continues to be specified, it will 
be necessary to find a method of treatment which will remove all the 
chemical forms in which radio-iodine is likely to occur in fall-out. 


The equipment used at Maralinga was designed to remove strontium, 
barium and iodine (as elemental iodine or iodide) specifically. 


Reference to Appendix D, Table Dj shows that these three elements 
constituted approximately 45% of the total activity in the raw sample, 
while in the effluents, the proportion of fission products other than 
iodine was fairly small, This shows that during the removal of Sr, Ba 
and I, the other fission products are removed to a considerable extent, 


The reasons for the variations between the rroportions of iodine 
removed after one pass (34% at Maralinga and 22% at the WERL) and after 
a second pass (60% at Maralinga) are not clear, Some form of reduction 


of the iodine from a more highly oxidised form must presumbaly have 
taken place. 


It will be noted that when the iodine in the solution used in the 
parallel series of WERL trials was intentionally reduced chemically a 
similar proportion of the dodine was removed to that removed during the 
second pass at Maralinga. 


501 Hazard to Operators 


It must be remembered that whatever form the final equipment 
may take, nearly all the activity present in the raw water will be con- 
centrated in the filter bed, ion-exchange bed and any other bed subse- 
quently developed, When these beds are replaced or regenerated, as they 
will have to be after every 200 gallons on the Regimental Water Truck, 
or after equivalent times on other equipments, this activity is going to 
‘be washed out in a comparatively concentrated form, 


If it is assumed that in its final form, the method is capable 
of removing 95% of the gross activity, then as a first approximation, 
there can be as much as 500 millicuries of active waste to dispose of 
after each 200 gallons (the calculation shewing this is given in Appendix 
E). Similarly with the Paterson 3000 gal/h equipment, over 5 curies per 
hour may have to be disposed of, 


This is of no major consequence, but it should be borne in mind 
should development of this equipment for Service use proceed, For example, 
it will be necessary for the operator to keep at a distance from the beds 
except when it is actually necessary for him to approach, and for special 
precautions to be taken when removing the washings. As an example of the 
hazard,a doso-rate of the orderof 1r/nwill be received at 2 ft froma 
point source of one curie of active mterial of similar energy to fission 
products, 


The beta hazard will be of much less consequence as containers 
of sufficient thickness to be used on the water purifying equipment would 
adequately shield the operator against beta radiation, Similarly, if the 
washings were moved away for dumping in (say) jerricans, the material of 
the can plus shielding by the water of the solution, would adequately 
reduce the hazard to one of negligible proportions compared with the 
gamma hazard, 


6,  Reconmemiations 


With the exception of iodine, the method developed by the WPRL shows 
considerable promise in removing fission products from potential drinking 
water supplies, A method of removing jodine in all its chemical forms 
still requires development: it is understood that this is feasible. 


It is considered that sufficient basic research has been carried out 
on this method, to enable a Research and Development requirement to be 
laid down, should it still be considered operationally necessary to have 
an equipment of this nature, 


In view of the fact that all the apparatus ani trained personnel are 
at the WERL, it is strongly recommended that any future work should be 
carried out there, if necessary on some form of extra-mural research con- 


tract. 


Je 
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APPENDIX A 


Method of Setting-Up the Equipment 


The ion-exchange column 'F' was charged with the resin, supplied in 
the fully regenerated condition, by placing it in water in the brine tank 
'D' and washing it into the colum through cock 'E', 


The filter bed 'B' was formed by removing the top of the filter and 
pouring in a slurry of the appropriate grade of kieselguhr, subsequently 
replacing the top and forming the filter bed on to the camile by pumping 
water through at a slow rate, 


(The letters above refer to the annotated photograph in Figure 1.) 


APPENDIX B 


Decontaminating Procedure 


(4) As mentioned 10 mad all-out solution wos diluted 
to a total volumo of 18 litres, and was then divided into three volumes of 
approximately one gallon each and one of slightly less than one gallon, 
These are referred to in the remainder of the report as portions A, B, 

C and D, The same samples after treatment in the equipment are referred 
to as Ay Bis oC, and Dye Any portions which were passed through the 


equipment twice are referred to as A etc, 


ete Bey 

(2) A background count was taken using the counting tube filled 
with distilled water, Following this, a count was mde of a sample of 
the original solution diluted 1:100, An approximate cross reference 
between the readings obtained with the Contamiration Meter No, 1, and 
the AERE 1221, is therefore possible, 


(3) After washing out the counting tube, the backgrouni was taken 
again, and then a sample of the 1:40 solution was counted (i.e., a sample 
from A, B, C or D). 


(4) Portion A was then passed through the equipment and the effluent 
run off into a 4 gallon glass jar (as sample Aye 


(5) Portion B was then passed through the equipment immediately 
after A and was run off into a separate jar as Bye 


(6) Portion C was then treated similarly, 


(7) Concurrently with this, counts were made on samples from B,, 
Oo, and AL (in that order). 

(8) After passing portion C through the equipment, the filter bed 
was washed out and the Metasil ALAG (silvered kieselguhr) was replaced 
with Metasil A (ordinary kieselguhr), The ion exchange bed was not 
touched, The remaining } gallon (portion D) was passed through this 
new filter and a sample from the effluent D, was counted, 


(9) The ion exchange bed was then regenerated with brine solution 
and a sample from the washings was counted, The total volume of brine 
+ washings was 1250 ml, 


(40) The Metasil A in the filter was then replaced by fresh Metasil 
ALAG, and B, was again passed through the equipment which now hai a new 
filter ani a regenerated resin bed, A count was made on a sample from the 
effluent Dite 


(44) C, was also reprocessed and a count made on a sample from effluent 
Cees 
“2- 


Relevant 


Section in 
Rees (from F hour) 


a, Background count at start (2) WH h35m 


using distilled water 


b, Sample of original solution Report 
diluted 1:10 Section 3. 


Abhlom 4.3 mr/h on Contamination Meter 
No. 1. 


c. Sample of original solution Report : 
@iluted 1:3 Becuanre HW h45 m 4.0 mr/h on Contamination Meter 


No, 1. 


Sample of original solution 
diluted 1;:100 g2hoOm 


e, )Sample of original solution 92h 10 m 
diluted 1:40 
f, )i.e., portions A to D 92h 15 m 


&- B/g count after (f) 92h 25 m 


Sample from effluent By, 93h 15m to 
94. 45 m 


. B/g count after (h) 


Semple from effluent C, 


Sample from effluent Ay 


Sample from effluent D, 


B/g count after (m) 


Sample of regenerant 
washings 


Sample from effluent Dy 


Sample from effluent Cyt 97 h10 m 


APPENDIX D 


Results of Laboratory Trials at WERL 


D.1 Examination of Samples of Water Returned from Marali: 


These were samples of untreated water (i.e., A, B, C or D), and of 


CG, and Cite 


TABLE 11 


Hardness uc per litre at D + 15 
as Ca0Os, 
PePeM 


Untreated 
(Sample C) 


3rd. gallon after 


one treatment O07 
(c,) (31%) 


3rde gallon after 
two treatments 


(Cee 


NOTE: Percentages in brackets indicate percentage removal 
represented by the entry immediately above. 


D.2 Parallel Laboratory Trials 


For a parallel but separate series of laboratory experiments, a 
contaminated water was made up by adding 50 ml of the extract from a 
sample of an air filter from Round { to 20 gallons of unfiltered 
reservoir water from the Lea Bridge Works of the Metropolitan Water 
Board, WPRL then used an apparatus developed by them for investigations 
into the removal of iodine by silvered kieselguhr, 


The water was pumped through the Metafilter charged with 50 grams 
of Metasil ALAG at a rate of 43,8 gallons in 20 minutes. This corres~ 
ponds to about 60% of the maximum rate employed in the 200-gallon unit. 
Part of the filtrate was passed through a small cation exchange column 
at a rate corresponding to the use of an 8-litre resin column at the 
rate of 200 gallons in 20 minutes, The regeneration level was equiva- 
lent to 20 lb per ft*. 


Analysis of representative samples of the water before ami after 
treatment gave the results show in Table D2, 


“he 


TABLE D2 


Results of Laboratory-Scale Decontamination of Water 


uc per litre atD+7 


Gross | 434 140 
By a; Ba 
Influent 0,274 10,032 0.013 | 0.0249 
Effluent 0.412 }0.025 | < 0,0012 | 0,00025 
Percentage 
removal 59 Sah ae | 


In view of the low proportion of iodine activity which was removed 
by this treatment, an additional experiment was carried out using active 
material from a Round 3 air filter, A 20=gallon batch of contaminated 
water was prepared as in the preceding experiment and was passed at the 
rate of 4 gallon per mimite through the Metafilter charged with Metesil 
ALAG, Analysis of samples of water taken before and atter filtration showed 
no detectable change in the content of active iodine, 


D.3 Notes of the Chemical Form of Iodine in Water Contaminated by Fall-Out 


(4) A 40-ml aliquot of the filter extract used in the preceding 
experiment was treated by addition of 1 m iodate carrier, 1 drop 
of 4N hydrochloric acid, and a slight excess of sulphurous acid 
solution, The solution was neutralised, diluted to 5 litres with 
unchlorinated water, and passed through a Metafilter charged with 
Metasil ALAG at a rate of 4 gallon per mimute, The radioiodine 
content was reduced by 81% on passage through the filter, 


(2) When a similar volume of water containing radioactive iodide was 
passed through the filter the reduction in activity was approximately 
98% 


(3) On passage of 100 ml of water contaminated with extract from the 
air filter from Round 3 through a10 cmx 1 om column of De-acidite 
FF (an anion exchange resin) in the chloride form, over 98% of the 
iodine activity was removed. 


(4) When 10 ml of the water was shaken with 4 gram of Metasil ALAG and 

centrifuged about 22% of the iodine activity was removed, This proce 

cedure is known to effect almost complete removal of traces of iodide 

from water, —— 
“A5= 


APPENDIX E 


Activity to be Disposed of 


Concentration of activity in final effluent aceptable for military 
purposes (see Seotion 3.1, footnote marked* cn page 6) = 3 x 107? me/litre. 


If equipment is 95% efficient, then concentration in raw water 
supply can be 0,6 m/litre, 


Thus it will be possible to use water containing 0.6 x 4.54 x 200 mc 
in 200 gallons amd still produce a potable effluent, Of this, approxi- 
mately 500 millicuries will be removed by the beds, 


In the case of an hour's flow through a Paterson equipment, up to 
0.5 x — = 7,5 ouries may be removed by the beds, 


Pump 

Metafilter candle and filter bed 
By-pass cock 

Brine tank 

Cock 

lon-exchange bed 


The carboy on the left of the photograph contains the 
raw water. That on the right receives the treated effluent. 
Waste, washings etc., are led into the bucket. 


Figure 1. 
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Summary 


During both Round 2 and Round 3, measurements of y-radiation 
doses and neutron fluxes were made at depths below the surface of the 
ground varying from 1 ft to 6 ft. Protection factors have been 
calculated. The experiments have shown that serious errors are 


likely to occur when measuring the y-radiation dose from certain types 


1 quartz fibre or other ionization chamber type of 


of weapon with 


dosimeter. 
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1. Introduction 


On Operations Hurricane, Totem and Buffalo, trials were carried 
out to measure the protection from initial radiation afforded by 
various fieldworks and AFVs. The most recent of these trials 
(Operation Buffalo) is reported in Ref. [1]. 


After Operation Totem, Major L. Cave, RAOC, who had carried out 
some shielding trials, made recommendations for future trials (which 


are included as an Appendix to Ref.[1]). Some of the recommended 


trials were included in the plan for Operation Buffalo. 


When analysing the results obtained at Operation Buffalo, it 
became clear that it was desirable to obtain more information about the 
shielding capabilities of earth in circumstances where confusion of the 
results by scattered radiation could not occur. After Operation Totem, 
one suggestion was to sink a small diameter pipe into the earth, and to 
place therein dosimeters at different depths. While making the initial 
preparations for the Antler trial, it was thought desirable to measure 
neutron fluxes as well as the y-dose at different depths, because it 
had been shown in Ref. [1] that in some circumstances, the neutron 
hazard in a shielded position is as great as, or even greater than the 
y-hazard. To accommodate neutron dosimeters, it was necessary to use 
a pipe of wider diameter than had originally been suggested; this 
necessitated a change in the method of the trial, which is described in 
detail in Section 3.2 below. 


The protection afforded by the earth against neutrons, and 
against y~radiation, has been treated separately in the remainder of 
the report. 

As in previous reports, the otec ctor (PF) has been 
defined as:- 


Objects of the Trial 


The objects the trial w firstly to determine the protec— 
tion factors afforded at various depths in soil, against yradiation 


and thermal and fast neutrons, and secondly to investigate any 


variation of these protection factors with distance from point of 


burst, weapon design or height of burst. 
3. Method 
3.1 Types of Dosimeter Used 
3.1.1 y-Dosimeters 
It was decided to use three types of y-dosimeter:— 
Service Phosphate Glass. 
Film/Phosphor. 


ice (or Service Type) Quartz-Fibre. 


Three varieties of these were used:— 


(i) Type QF(A) The Prototype Dosimeter No. 
5 used at Operation Buffalo. 


(ii) Type QF(B) The Service Dosimeter No. 5. 


(iii) Type QF(C) Q(B) with the ionisation 
chamber partially evacuated 
to 1/8 atmospheres and with 

capacitance adjusted 


accordingly. 


The differences between these three types of 
quartz-fibre dosimeter, a the sons for their use are 


discus detail in Section 4.2 below. 
Neutron Dosimeters 


The standard AWRE method of neutron dosimetry [17 
is to expose samples of pure elements in a steel tube 
18 in. long, 2 in. external diameter and about + in. wall 
thickness. The elements become radioactive on irradiation 
and it is possible tc measure fast (greater than 3 MeV) neutrons 
using sulphur*, total slow neutrons using unclad goldt and 
epithermal neutrons using gold clad with cadmiui. The thermal 
neutrons may then be obtained from the latter two results by 


subtraction. 


For the present trial a modified form of the AWRE 
standard tube was used. This was 6 in. long, 2 in. external 
diameter and about 4 in. wall thickness and contained three 
discs, one of gold, one of gold wrapped in cadmium and one of 
sulphur. A tube, with its contents, is shown in Figure 1. 


3.2 Positioning of Dosimeters 


The original suggestion was to sink a 2 in. diameter pipe 
into the ground; the angle subtended at the mouth of the pipe by any 


distance-piece separating dosimeters would then have been sufficiently 


small for its density to be unimportant. In this trial, however, it 
was necessary to accommodate the neutron dosimeters as well, and as it 
was essential that all three elements in these dosimeters should be at 


* 22S (n,p) °?P . (Half-Life = 14.3 days). 


T *97au (n,y) *®8Au . (Half-Life = 2.69 days). 


=6= 


the same depth, a wider tube was necessary. Finally, it was decided 
to have 7 in. diameter holes made in the ground by a well—boring 
machine which was available. It was not desirable to employ the 
alternative method of blowing a crater and back-filling since this 
would introduce unknown variations in the density of the earth sur— 
rounding the shield. 


4 series of holes we o a der f not less than 
ft, at varying ranges from the Ground Zero of Rounds 2 and 8. Twin 


holes were dug at each site - the holes being separated by a distance 


of 8 ft, on a line at right angles to the radius from Ground 

Zero. For various administrative reasons, it was not found possible 
to sink twin holes for Round 2, and there were five single holes at 
ranges from 1850 to 2850 ft approximately from Ground Zero. For 
Round 8, twin holes were sunk at six sites from 1650 to 8500 ft slant 
range from the expected point of burst, 


The holes were lined with thin steel tube to prevent 
caving in. To maintain the density of the shield within the tube, and 
at the same time facilitate the recovery of the dosimeters, the latter 
were placed at pre-determined positions in cylindrical cans of thin 
sheet steel which were subsequently filled with soil. These cans were 
slightly less in diameter than the bore of the holes, and had loops so 
that. they could be lowered into the holes by a "shepherd's crook" 
The positions of the dosimeters were such that, when the cans were 
lowered into the holes, they were at the correct distances below the 
surface. A cross-section of a typical hole is given in Figure 2, and 
photographs of the cans, sunken pipes, etc. are given in Figures 3 — 6. 


3.3 Distribution of y-Dosimeters 


The depths at which particular types of dosimeters were 
used were decided from the doses which were predicted from theoretical 
considerations and experience at Operation Buffalo. Thus phosphate 
glass and quartz-fibre dosimeters were not placed where the predicted 
dose was less than 10 r. The quartz-fibre dosimeters would not have 
been used anywhere where the dose was expected to exceed 1000 r, had 


it been possible to predict the received dose accurately, but because 
of uncertainties regarding the yield and design of the weapons actually 
fired, quartz-fibre dosimeters were placed alongside the phosphate glass 
dosimeters throughout. There was always an overlap between the higher 
reading dosimeters (phosphate glass and quartz—fibre) and the film/ 
phosphor dosimeters. Very few type OF(C) dosimeters were available, 
and these were placed at positions where doses of between 300 r and 

500 r were expected. Unfortunately in several cases the predictions 
were not sufficiently accurate to ensure that the dose actually re— 
ceived lay within this range. A summary of the distribution of the 
y-dosimeters is given in Table 1. 


TABLE 1 


Distribution of y-Dosimeters 


| No. of Dosimeters at Bach Depth 
Type of Dosimeter 


Round 2 Round 3 


2 4 
pack 2 2 packs 
QF( A) 2x 4 
QF(B) 2 4 
QF(C) 1 at selected 1 at selected 
depths only depths only 


Phosphate glass 
Fi lm/Phosphor 


~~ Fr 


NOTE: The numbers of dosimeters in Round 8 were doubled in 
most cases, a complete set being placed in both of the holes 


at each range. 
3.4 Distribution of Neutron Dosimeters 
(a) Round 2 


One tube (containing one sulphur disc, one clad gold 
disc and one unclad gold disc) was placed at each 12 in. 
position down each hole, i.e., at 12 in., 24 in. Bonronny ey abr 


vas placed at each 12 in. position down one 


at each position. 
8.5 Protection from "Loose" Contamination 


To prevent contamination of the dosimeters by soil 
rendered radioactive bj utre x the dosimeters were 
wrapped in pol efore pla i the cans. To prevent 
sand from blown down the small gap betwe the cans and the tube 


during the me between "loading" the tubes and firing, and also to 


prevent sand and sh stones being forced into the gap by the blast, 
a grommet of a tape was wrapped round the top of each of the 
uppermost cans, which were then forced into position, making a 
virtually dus sroof seal. 


3.6 Collection of Dosimeters 


Recovery of the dosimeters was made as soon as possible 
after burst; the average time was about two hours. The recovery 
parties withdrew the cans with the "crooks" and placed them, as they 
were, into a Landrover trailer. As soon as all the cans were 
recovered, the parties withdrew to an area where the dose-rate was 
reasonably low, and the cans were then emptied out, and the dosimeters. 
still in their polythene wrappings, placed in containers. The latter 
were then taken to an area near Health Control where the dosimeters 
were unwrapped. As they were uncontaninated, it was possible to take 
them to the Village Laboratory area where they were read or measured. 


3.7 Collation of Results 
(a) y-Dosimeters 


The QF dosimeters were read in the normal way, and 
the results recorded. Certain correction factors had to 
be applied; this was done after return to the U.K. 


The phosphate glass dosimeters were read on a 
reader in the usual manner, and the results recorded for in- 
formation; as however there was some doubt about the cali- 
bration of the reader, the dosimeters were brought back to 
the U.K. where they were read on a standard reader in the 
Electronics Division of ARRE where the dosimeter had been 
developed. The film/phosphor dosimeters were handed over 
to the RM Group at Maralinga, who processed the films and 
supplied the results to the author 


(b) Neutron Dosimeters 


The elements from the neutron dosimeters were, as was 
mentioned above, activated by the neutron flux. In order 
to evaluate the flux, it was necessary to measure the 
amount of B-activity induced in the elements concerned. 
Measurements of B-activity were made on a standard Geiger— 
Muller counter and scaling unit — a 2 in. diameter type 
2B2 end—window counter was used in association with a 
"Scaling Unit AERE Type 1221C" and associated power supplies. 
Counts were made of the dosimeter samples at intervals until 
decay curves which were plotted showed that the half-life 
was correct for the isotope whose measurements were required. 
These counts were then normalised to a standard shelf in the 
lead castle and extrapolated back-to the time of burst 
The position of the G-M tube relative to the standard shelf 
in the castle was calibrated by the use of a standard 
thallium source lent by the RM Group. This had been 


employed by them for calibrating the counting equipment which 


they were using for a similar purpose with their neutron 
dosimeters, the results of which would be used for the free— 
air flux/distance curves. 


Some of the gold samples from Round 8 were so active 
that it was not possible to measure them on the equipment 
mentioned above until several half-lives had expired. In 


some cases, this would nave caused an untoward delay in 
leaving the range, so these samples were measured approxi— 
mately at Maralinga, and then returned to the U.K. by air 
with the minimum of delay; on arrival in the U.K., the 
samples were taken to the Rutherford Laboratory of the 
Royal Military College of Science at Shrivenham, where 
measurements continued until the criterion given above had 
been met. A standard thallium source was also returned 
with these samples, so that it was possible to perform an 
accurate cross-calibration between the two sets of equip— 
ment, and to normalise the Shrivenham results to the same 
norm as was used for the Maralinga results. 


The half-life of the phosphorus (°?P), measured in 
the sulphur samples from Round 8, is so long that measure— 
ment at Maralinga would have caused unnecessary delay. 
These samples were treated in the same manner as the gold 
ones mentioned above. 


The normalised counts per unit time obtained were 
converted to neutron fluxes by using conversion factors 
which had been evaluated by the RM Group for converting 
their own results. The same factors were therefore used 
throughout by the RM Group and the author, thus preventing 
any errors in the protection factors which were calculated 
therefrom. 


4. Results 
4.1 y-Dosimetry Results 


Details of the y-doses which were measured, and of the 


protection factors, are given in Appendix A. The Protection Factors 
are also shown graphically in Figures 7(a), 7(b), 10(a) and 10(b). 


Reliability of Results 
4.2.1 Quartz-Fibre Dosimeter 


Certain types of quartz-fibre dosimeter are liable 
to read low when measuring large doses of y-radiation delivered 
over a very short period of time [1], [2], [8]. To give the 
reasons for the decisions which are made below, it is necessary 
to give a brief resume of the situation regarding Service QF 
dosimeters over the period covering Operations Buffalo and 
Antler. 


Originally, quartz—-fibre dosimeters intended for 
measuring initial radiation (as opposed to residual radiation), 
were designed on the assumption that the substantial portion of 
the dose would be delivered at a dose-rate not exceeding 100 
r/sec. As a result of experience on Operation Buffalo, it was 
decided that the Service dosimeter QF No. 5 should be calibrated 
so as to read full-scale doses accurately when delivered at dose— 
rates up to 600 r/s [4]. This was possible for two reasons, 
firstly that the Service design (type 9F(B) in this report) 
had improved geometry compared with the prototype (QF(A)), and 
secondly, that the scale had been adjusted so that at dose— 
rates not exceeding 600 r/sec, the dosimeter would read within 


+ 20% as opposed to + 0% — 40% as with the type @F(A). 


On examination of the present results, it was found 
that discrepancies of up to a factor of more than 2 existed be- 
tween the phosphate glass dosimeter results and those of the 


quartz-fibre (QF(B)) dosimeters. Even greater discrepancies 


were found in the case of the QF(A) dosimeters. These variations 
were disc ed with members of the RM Group, and with the members 
of the Electronics Division of AERE who are concerned with the 
development of these dosimeters (Messrs. W. Abson, D. Peirson 

and F. B. Whiting). As a result of these discussions, three 
solutions seemed possible:— 


are discussed 


(a) A greater sensitivity to neutrons in the case 
of the phosphate glass dosimeters 


(b) An inferi response by the quartz-fibre dosi— 
meters due the y-radiation of energies greater 
than 2 MeV received from the radiative capture of 
neutrons in the atmosphere, together with the 


Fact th 


hat any y-radiation stemming from the neutron 


flux will be delivered at 


a high dose-rate. 


(ec) creased errors in the quartz-fibre dosi- 
meters because a substantial portion of the total 
dc may be delivered at a dose-rate considerably 


in excess of 600 r/sec. 


These different possibilities of errors arising 
below:— 


(a) Neutron Sensitivity 


Phosphate glass and quartz-fibre dosimeters 
have been irradiated under similar conditions in 
a thermal reactor, and it was found that, for 
thermal neutrons, the sensitivity of the two types 
was similar and that a neutron flux of 10*° 
thermal neutrons/cm? enhanced the reading of either 
type of dosimeter by about 1 r. At the time of 
writing this report (February, 1958), little 
nformation was available on the relative sensi— 
tivity to neutrons with energies greater than 
thermal, but there is an indication that the 
response of both types of dosimeter to these 
energy neutrons is similar [6]. 


Variations in Energy of Incident 
y-Radiation 


Differences in the surface densities of the 
es of dosimeter will tend to make the 
quartz—fibre dosimeters read slightly low when 
measuring radiation with energies greater than the 
MeV associated with the initial radiation from 
the cloud itself. In Ref. [7] it is shown that 


for the radiative capture of neutrons in the atmos— 
phere (of which the reaction *4N (n,y) *®N is one 
of the more important), a large proportion of the 
y-photons have energies of greater than 5 MeV and 
some are of energies exceeding 10 MeV. In the 
same reference, it is suggested that, for low 
neutron-escape weapons, the contribution to the 
total »dose from the neutron capture reaction does 
not exceed 20%. It is reasonable therefore to 
assume that for Antler Rounds 2 and 8, where the 
neutron-escape was larger, the contribution of the 
higher energy (radiative capture) y-rays to the 
total y-dose was probably more than 50%. 


Three individual errors can therefore be 


introduced by this:— 


(i) The direct error due to the varying 
response of the instrument to yphotons of 
jifferent energies. 


(ii) The fact that there will be greater 
attenuation of the lower energy (cloud) y 


radiation by the earth, so that in the deeper 


positions in the holes, the high energy 
(radiative capture) y-rays will constitute a 
greater proportion of the total dose. 


(111) The time over which the two components 
of the ydose is delivered. This is dis— 
cussed in more general terms below. 


Errors from High Dose-Rate 


probable source of 


3roup records show that in Antler 


6000 ft from Ground Zero, 


in Oi sec, and 76% 0.3 s A Applica- 
tion of these figures tot ose of the order 
the full-scale deflection on the 

5), shows that a large proportion 
of the dose must have been delivered at dose—rates 
considerably in excess of 600 r/sec. There is 
little practical confirmation that this will 
explain the very low relative readings of the 
quartz-fibre dosimeters compared with the phos— 


phate ¢1 ‘ it is not possible to simulate 


such high dose-rates in the laboratory with any 


aracy. However, it is reasonable 

ume that the phosphate glass dosimeter should 
show less err« from high dose-rates (as it is 
the collection of dislodged electrons which is 
concern in the measurement), than would the 
quartz-fibre dosimeter where comparatively heavy 
ions have to be collected. There is some 
additional confirmation from the partially eva— 
cuated quartz-fibre dosimeters (type OF(C)), which 
show smaller errors than the othe 


* The data given here of the proportion of the dose delivered over different periods of time 
include the increased dose-rate due to the y-rays from the radiative capture of neutrons 
in the atmosphere. 


Other Dosimeters 


It will be noted that, in some cases, there are 
discrepancies between the phosphate glass and the film/phosphor 
dosimeter readings There is insufficient evidence to show 
which is correct, and r this reason, protection factors cal- 


culated for these results have been shown as a range 


It has been decided to use the phosphate glass 
dosimeter results in preference to any others when calculating 


for the sons given above, and also from 


protection factors, 
information from Operation Buffalo. In Ref. [8], it is shown 
that in general, the phosphate glass dosimeter readings show 
better agreement with other methods of dosimetry than do the 


quartz-fibre. 


The phosphate glass dosimeter readings which have 
been used have been adjusted to allow for the contribution tc 
the recorded dose made by the neutron sensitivity of the dosi- 


meter. 
4.3 Neutron Dosimetry Results 


Details of the neutron fluxes which were measured, and of 
the protection factors, are given in Appendix B and the protection 


factors are illustrated in Figures 8(a), to 9(b) and 11(a) to 12(b). 


As was mentioned in Section 8.1.2, the thermal neutron 
flux is calculated by subtracting from the total slow neutron flux 
(measured by the unclad gold) the flux of epithermal neutrons 
(measured by the gold wrapped in cadmium). The results given in 


the Appendix have been treated in this manner, and fluxes of thermal 


neutrons and of fast (freater than 8 MeV) neutrons only have been 
given. It must be remembered that there will be in the neutron 
spectrum at any range from the point of burst, neutrons of energies 
above the thermal region and less than 3 MeV which have not been 
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Discussion 


5.1 


y-Dosimetry 


(a) Round 2 


tion measurements 
kiloton weapon burst. 
hat the protection 
Ig (1800 ft) are 
quite di rent from 
tI bta at hilar hs at other positions. 
There is spurious low factor at 60 in. at 
position BI3 (¢ rt) as this factor is determined 
by only one set of do s, too much reliance 


should not be placed 


In Appendix A ef it was suggested that for 


planning pur) 
should be 1 for pr (or low tower) burst. Mean 


are piven for comparison. 


TABLE 2 


Predicted and Measured Protection Factors: Round 2 


Depth, in | 6 12 a | 6 | 48 


Predicted 


2000 


P.F 


Mean P.F 


L Obtained 


Individual factors will of course vary appreciably from the 
"mean P.F. obtained" quoted above, but these latter figures 
are considered to be reasonably representative. 


(b) Round 3 


In the case of Round 8, (a balloon-burst at about 
1000 ft of a 25 kiloton weapon) there were, unfortunately 
some ious discrepancies between readings obtained by 
phosphate ¢lass and film/phosphor dosimeters at 48 in. 
depth at positions TA4, TAS and TAG. The results which 
are available are compared with those predicted in Ref 
{1] in Table 3 below. 


TABLE 3 


Predicted and Measured Protection Factors: Round 3 


Depth, in. | 6 | 12 a | 36 | 48 | 60 


Predicted 
P.F. 


400 | 4000 4 x 10* 


Mean P.F. 


8 
Obtained 2 


It will be seen that in the case of both rounds, the pro- 
tection factors obtained were appreciably lower than those which were 
suggested. (It must be emphasised that the author of those sugges— 
tions said at the time that accurate prediction was very difficult.) 


The manner in which the well—-boring machine deposited the 
spoil on the surface made it impossible to analyse the material being 
bored out; Figure 4 shows typical spoil. One possible explanation 
of the higher protection factors measured at position BIg would be 
that the hole was bored into sand instead of limestone; there was 
however no sign of this in the spoil. It would of course be possible 
for the area of the hole to be surrounded by a pocket of higher density 
sand although the hole itself was bored in limestone — this is conside— 
red unlikely. 


te 


2 Neutron Dosimetry 


In Round 3 the exceptionally low protection factors 


afforded against thermal neutrons by 12 in. of soil are noteworthy. 


presumably due to the fact that the top foot of soil in 
Situations like Maralinga contains few of the elements which are food 
absorbers of thermal neutrons. 


There are variations in the factors for thermal neutrons 
at greater depths, but generally speaking, the variations are not 
excessive. 


The protecti for fast neutrons are more consis— 


Conclusions 


This series of experiments has produced some more data on the 
shielding properties of the soil and subsoil from y and neutron 
radiation, but the results obtained are still too variable from 
position to position to be of much value when designing field-works 
and other shelters. The uncertainty is accentuated when the varying 

igns of weapon are taken into account, as variations in the rela- 
tive neutron escape will (a) change the y-spectrum, and hence the ~ 
radiation protection factor, and (b) alter the relative hazard of the 
y-rays and the neutron flux to persons within the shelter*. 


These results confirm the conclusions arrived at in Ref. Ch; 
namely that the protection factors predicted from data relating to 


low neutron-escape weapons are not valid for weapons of other desifn. 


* The question of the relative neutron hazard was discussed in Ref. [1] and will not be 
repeated in this report, except to summarize the suggestions given therein on the relative 
biological hazards from acute doses of yand neutron radiation, These suggestions were: 


3 * 10° thermal neutrons cn * or 3 X 10” fast neutrons cm? are equivalent biologi- 
cally to 1 r of external whole body 7-radiation for short periods of irradiation, 
i.e., acute doses, 


With high neutron-escape weapons, the rate of delivery of the 
y-dose would appear to be so fast that instruments which are based on 
ionisation chambers, sugh as quartz-fibre dosimeters, are unable to 


collect all the ions produced in the chamber, and hence are liable to 
read low to an extent which makes it doubtful whether the reading has 
any real meaning. 


The conclusion reached in Ref. [1] on group dosimetry again 
appears to hold. In that reference, it was suggested that the 
determination of the dose received by an individual from that measured 
by a "group dosimeter" was likely to be very misleading unless the 
exact position of the individual in the shelter was known. 


A method of measuring neutrons of intermediate energies in 
experiments such as these is still required. There is no information 
at present of the hazard which would have resulted, in the circum- 
stances of this trial, from the neutrons with energies of more than 
thermal but less than 3 MeV. 


1. Recommendations 


Further information is still required on the shielding from 
nuclear radiations afforded by the various forms of materials which 
could be used in the field. This applies particularly to shielding 
from neutrons, which is much more difficult to predict than that from 
y-radiation. 


A possible method of determining the shielding properties would 
be to use containers holding a known volume of the potential shielding 
material, of which the analysis, water content and density should be 
accurately known. Thin metal containers similar to an ordinary 
domestic dustbin should be suitable, with the dosimeters inserted into 
the centre of the mass of material. In this way, it would be possible 
to import samples of other soils and subsoils. This is considered 
particularly important from the point of view of neutron shielding, 
where small changes in analysis or water content can have appreciable 
effects. Although not strictly relevant to this report, it should be 


noted that if this proposal was adopted, it would be possible to carry 
out a parallel series of experiments on the degree of neutron-induced 
activity produced in samples of soil from different parts of the world. 
This information is not readily available at present, and there is a 
tendency to regard all neutron induced vity in soils as being 
almost entirely from sodiun. * 


onsideration should be given to the suitability of quartz—fibre 
dosimeters for measuring initial »-radiation under operational condi— 


tions, in view of the poor response to radiation received at a high 
dose-rate, For trials purposes, is recommended that the use of 
these dosimeters, in their present form, should cease 


A method of measuring neutrons of intermediate energies, suitable 
for use in shielding experiments, should be developed, so that the 


hazard from these neutrons can be investigated. 


It would be possible to predict this activity, using the methods reported in Ref. [8] 
provided that the chemical analysis of the soil was very accurately known. 
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APPENDIX A 


y-Radiation Measurements and Protection Factors: Round 2 


=). 


ponibion Phosphate Glass quartz-Pibre 
at Dosineters Dosimeters yt 

n- 
Ground Phosphor | Accepted | External] Protection 
Corrected Dosimeters| Dose | ¥-Dose Pactor 


Reading | (A) | (8) 


Reading | Correction 


> 9000 > 9000 
(1348) 5025 4690 
600 565 

55 55 


BI2 
(1800) 


BI3 
(2100) 


BI4 
(2400) 


BI5 
(2850) 


= Off Scale. applicable, 
= Not recovered or No record, 
Phosphate glass dosimeter correction from interpolated neutron data. 
500+ = Fibre on QF dosimeter still visible. 
All readings are in roentgen - final readings are rounded off. 


The figures given are the mean of all the dosimeters of a particular type at that 
position. Any results which differ from the apparent mean by more than the 
specification limits (+ 20%) have been rejected. 
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Round 3 


Position 
and 
Slant 
Range, 
tt 


Phosphate Glass 
Dosimeters 


Quartz-Fibre 


Dosimeters 


Correction 


Corrected 


Reading | (A) 


(B) | (Cc) 


Pil 
Phosphor 
Dosimeters 


Accepted 
¥ Dose 


External 
‘Y-Dose 


Protection 
Factor 


TAL 
(1410) 


9000 | 0.8. 
9000 | 0.8. 
9000 | 0.8. 
1610 | 0.8. 
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TAZ 
(1750) 


TAZ 
(2000) 


TA 
(2370) 


TAS 
(2695) 


TAG 
(3160) 


For Notes, 


see Appendix A, page 23. 
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APPENDIX B 


Neutron Measurements and Protection Factors: 


Round 2 


Poaition 


n/en? 


Thermal Neutron Dose, 


Fast Neutron Dose, 


n/on? 


Protection Pactors 


Measured 


T 


External 


Mensured 


External 


Thermal 
Neutrons 


Fast 
Neutrons 


3. 36 
3.97 
4.39 
3.19 


10° 


8 < 10** 
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Round 3 (Neutrons) 


Position 


Thermal 


Neutron Plux, 
n/cn® 


Past Neutron Flux, 


n/om® 


Protection Factors 


Measured 


External 


Measured 


7 


External 


Fast 


Neutrons 
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FIGURE |. THE DOSIMETERS WHICH WERE PLACED AT EACH DEPTH. 


KEY 
|, THE NEUTRON DOSIMETER TUBE AND CAP. 
2, THE THREE ELEMENTS (FROM TOP TO BOTTOM) 


SULPHUR, PROTECTED BY TWO ALUMINIUM PLANCHETTES. 
GOLD, CLAD IN CADMIUM. 


GOLD. 


THE THREE ELEMENTS, MOUNTED ON THE ALUMINIUM SLIDE 


PRIOR TO INSERTION INTO THE STEEL TUBE. 


4. A SERVICE PHOSPHATE-GLASS DOSIMETER. 


5. TWO TYPICAL QF DOSIMETERS. 


-27- 


LEGEND 


q 
KX UNDISTURBED SOIL 
KY) 8 sua -solL 


LOOSE SOIL PACKING 


SCALE OF FEET 


@ GAMMA DOSIMETERS 


© NEUTRON DOSIMETERS 


FIGURE 2 SECTION THROUGH SUNKEN PIPE SHOWING CANS CONTAINING DOSIMETERS 
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FIGURE 3. THE WELL-BORING MACHINE IN OPERATION 
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FIGURE 4. THE CONTENTS OF THE HOLE, AS THROWN OUT BY 
THE WELL- BORER. THE SPOIL WAS THROWN OUT AS A SLURRY 
OF APPROXIMATELY THE SAME CONSISTENCY AS FRESHLY- 
MIXED CONCRETE. 


FIGURE 5. A CAN, FILLED WITH ITS DOSIMETERS AND SOIL 
BEING LOWERED INTO A HOLE BY A°SHEPHERDS CROOK’ 


FIGURE 6. A FILLED CAN, IN THIS CASE ONE WITH THE 
DOSIMETERS AT THE TOP, READY TO BE LOWERED INTO A HOLE. 
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FIGURE 7b. ROUND 3 % RADIATION PROTECTION FACTORS 
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FIGURE 8a ROUND 2 THERMAL NEUTRON PROTECTION FACTORS 
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FIGURE 8b. ROUND 3 THERMAL NEUTRON PROTECTION FACTORS 
-36- 


FIGURE 9a. ROUND 2 FAST NEUTRON PROTECTION FACTORS 


=37= 


DEPTH BELOW SURFACE 
° 12 
+ 24 

36 


§ 
3) 
< 
i 
z 
= 
- 
i) 
w 
= 
z 
z 
° 
= 
- 
rr 
z 
- 
o 
< 
a 


9 2i 3 25 
HUNDREDS OF FEET ————=— 


FIGURE 9b ROUND 3 FAST NEUTRON PROTECTION FACTORS 
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FIGURE 9b ROUND 5 FAST NEUTRON PROTECTION FACTORS 
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CONFIDENTIAL DIGGR Ba 
INTRODUCTION 


The possibility that the resuspension of deposited radioactivity 
could give rise to an inhalation hazard has long been recognised, On the 
early nuclear weapon trials, the radiological hazards from this source 
and from the y radiation field were carefully determined, It was found 
on both the Hurricane and Totem trials that the potential hazard from 
the inhalation of resuspended fission product fallout was insignificant 
in comparison with that from the external y radiation, and so measure- 
ments of the latter only were sufficient for health control surveillance 
purposes, 


However, when the contamination is due toa long lived radioactive 
material which gives rise to no significant external radiation field, the 
inhalation hazard due to resuspension needs further consideration. The 
object of this paper is to examine the experimental evidence available 
and to deduce a representative value for the factor between the con- 
tamination level and the airborne activity. 


2. EXPERIMENTAL EVIDENCE 


The results of the experimental measurements of the airborne 
activity which were made on a number of field trials are summarised in 
Tables 1 and 2, The results obtained on the Hurricane [11, Totem [21 
and Buffalo [3] series of nuclear tests are shown in Table 1. In addition 
the results obtained on two Civil Defence trials [4] and a brief summary 
of some health physics surveillance measurements (5]' made during 
field experiments are also included. In all these experiments the air- 


ae 


borne concentration above a contaminated area was measured and the 
relationship between the concentration and the level of contamination 
determined, This relationship is the resuspension factor, K, and is 


eens -1,_ Airborne Concentration (Curies m4 
K (m™)= fe} - 


Oontamination Level (Curies m™*) 


On a US trial [6], which had as its object the study of the dispersal of 
plutonium (and uranium) from a simulated warhead as the result of 
detonation of the high explosive, measurements were made over an 
extended period, These results show that the airborne concentration is 
not independent of the contamination levels upwind, In experiments re- 
ported by Healy and Fuquay [7] a readily identifiable particulate material 
was employed as a contaminant on selected types of ground surface and 
the airborne concentrations downwind of the seeded areas were mea- 
sured, From the results (see Table 2) a factor, F, is deduced, which is 
defined in the following way 


u? Particulate 
F_ x Contamination 
pd (Particles/m?), 


Particulate Material 
Airborne from Surface (particles/m?/sec) = 


where u is the wind speed in m/sec, p is the material density in g/cm? 
and d is the diameter of the particles in , From all these results it is 
quite clear that the amount of any ground deposited material which is 
resuspended in dust under differing conditions, is likely to be a very 
variable quantity. This conclusion would be expected on quite general 
considerations, Thus, the fineness of the soil or sand in the surface 
layer, the air turbulence and wind speed in the air layer close to the 
surface, the moisture in the ground andthe presence of external sources 
of agitation (such as moving vehicles) will all affect the amount of 
material resuspended in the air. Further, the particle size distribution 
of the dust on which the radioactive or other deleterious material is 
deposited will be an important factor in determining the fraction of 
resuspended material which constitutes an inhalation hazard, The 
largest diameter of particle which is likely to reach the critical parts 
of the lung is about 10 yu; this diameter is less for high density materi- 
als, and for dusts generally is unlikely toexceed 6 4, Because impaction 
is the more important mode of deposition in the respiratory system the 
particle size scales as p72, Fortunately, particle size measurements 
were made on some occasions. 
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2.1 Operation Hurricane 


The results obtained in the fallout areaon Hurricane form a 
self-consistent set, except for the two extreme values, The samples of 
airborne material were measured in terms off activity, whereas the 
contamination level was determined by ay radiation survey, The known 
relationship between the B and y activity of fission products permits the 
results to be compared, although there may be some uncertainty in 
individual figures because the y dose-rate depends on the area of con- 
tamination and the terrain, The results obtained at the same time for the 
amount of a activity resuspended are in close agreement with values 
estimated from known detail of the weapon and its performance. This 
firing occurred underwater and the fallout was mainly in a finely divided 
form, An average value of 1 x 10-5 m™* was obtained for the resuspen- 
sion factor K under conditions when the ground was disturbed mainly 
by wind and natural turbulence, but, there may have been some instru- 
ment recovery operations in progress. 


It is noteworthy that, apart from decay, the fallout pattern, 
determined by y survey was not markedly changedover a period of more 
than a year (405 days), The observed decay in they radiation dose-rate 
over the period from the time of the original surveys to the survey about 
a year later corresponds quite closely to that calculated for the fission 
products. Thus, even though there was some drifting of sand and the 
area of the survey was effectively much less because of decay, this 
result shows that only a small fraction could have been removed by the 
wind, This result is all the more significant since a cyclone and a total 
of 16 in, of rain are reported for the period. The uncertainties inherent 
in the measurements mean that it is not possible to estimate accurately 
the amount removed by weathering, but itis unlikely to be much greater 
than 10%, 


2:2 Operation Totem 


The results obtained on the Totem trials show that the prob- 
lem was examined carefully at the time. One of the relevant differences 
between Hurricane and the later trials in the Australian desert is that 
for the latter the conditions were dry and a considerable fraction of the 
fallout was on, or in, material that had been fused, This may account 
for some of the very small values for the resuspension factor, 


The results obtained at the back, and over the tailboard, 
of a Landrover vehicle in motion show that under these rather severe 
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conditions, the maximum value is only about 1 x 10° © Carter, in the 
report on the Totem measurements, points out that the activity measured 
depended on the position of the sampling device at the back of the Land- 
rover, It is noteworthy that the two results obtained on D + 7 in which 
the orifice of the sampler projected just above the tailboard, are com- 
parable with those obtained on D + 4. The wind conditions for the two 
days are not reported, but a difference in wind strength might well 
account for the different concentrations observed within the back of the 
Landrover on the two days. 


The evidence that the bulk of the activity is not rapidly 
redistributed by natural disturbance, nor appreciably by actual stir-up 
of the surface, is shown by the observed y dose-rate measurements for 
the two days. The differences in the y dose-rates on D+ 4 and D+7 
correspond to fission product decay, and do not suggest that a significant 
part of the airborne material raised by vehicles between D + 4 and 
D+ 7, or bynatural erosionover this period, was blown away. Measure- 
ments of the amount of airborne radioactivity at clean sites downwind 
from the active area produced by the first round showed that very little 
was transported any distance on dust. 


Summarising, we note that three different survey operations 


on foot, without vehicles moving in the vicinity, lead to a mean resus- 
pension factor of 3 x 107", or if four of the total of 33 results are 
omitted, the value is about 1 x 107”, Whereas, in the dust cloud thrown 
up by a Landrover the mean value is about 1 x 1075. It must be pointed 
out here that the roads on the trials sites in the Australian desert were 
formed by grading the ground and the surfacedid not contain any binder 
such as bitumen. The dust clouds raised by vehicles were heavy and 
were only typical of such desert conditions. However, it cannot be 
assumed that the dusty nature of the terrain in the Australian desert 
necessarily produces severe conditions because it may be argued that 
the activity deposited initially on the surface soon becomes mixed in a 
considerable amount of loose sand and earth as the naturally stabilised 
surface is broken down. This might lead to only a small fraction of the 
activity being available for resuspension. 


2.3 Operation Buffalo 


The two results obtained on Buffalo are principally of 
interest because of the particle size measurements. The gross resus- 
pension factors are similar to those obtained on Totem and the particle 
size measurements suggest that about 20% or less of the airborne mater- 
ial could constitute an inhalation hazard. 
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2.4 US Trial - Plutonium Contamination Due to a One Point 
Explosion 


In this trial (in Spring, 1957) a warhead containing a re- 
presentative amount of plutonium was placed on the ground and the H.E, 
initiated at a point underneath, The contaminated area was determined 
by analysis of some 4000 deposition samples. The study of the condition 
of the contaminated area forms a continuing project. From the analysis 
of carefully collected soil samples it is known that the bulk of the 
activity is in the top % in. of soil and measurements of the distribution 
in depth made initially at 6 months after firing and subsequently 
18 months later gave similar results. About % in, of rain fell during the 
first 6 months and this may have determined the extent of the penetration 
into the soil. It has been estimated that only from 4 - 9% of the original 
contamination had been removed by erosion, 


For the observations on resuspension three sites were 
chosen with contamination levels of 560, 40 and 2.6, g Pu/m?, The 
results obtained over a period of 133 days showed that the concentration 
of airborne material was variable, depending on wind direction and 
speed, but on the average showed a continual decrease with time which 
may be expressed as a half-life of about 37 days. This half-life would 
be expected to be characteristic of the terrain and meteorological con- 
ditions existing at the Nevada Test Site, and also shows that the fine 
particulate material exposed to natural erosion is steadily depleted or 
fixed, This is borne out by the fact that there is apparently no direct 
relationship between the contamination level at the sampling site and 
the activity in the sample, but rather a relationship with the extent of 
the contaminated area up-wind. During the experiments the wind blew 
across the heavily contaminated zone towards the areas of lower con- 
tamination for a large proportion of the time, which explains why a 
relatively high value was observed for the sample collected in the 
region of over 2.6ug/m?. This result is examined in more detail in the 
discussion, 


2.5 Civil Defence Trials 


The two experiments carried out at the Civil Defence 
School at Falfield, Gloucester, are also of considerable importance and 
were the first investigations of the problem. The dust was contaminated 
with known amounts of carrier free 1-131. Both the atmospheric dust 
loading and the airborne activity were measured, The first experiment 
was carried out in a confined space, approximately 8 ft x 12 ft x 7 ft in 
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height in which a rescue worker has to work his way from front to rear 
in search of casualties, passing back some of the debris by hand and 
shovelling the rest. A resuspension factor of about 2 x 10-* was mea- 
sured and a total dust loading of 110 mg/m®. In the second trial, a 
collapsed house was used in which rescue workers were trained in 
debris clearance in the open by hand during a systematic search for 
trapped casualties. The resuspension factor was 2x 1076 and the dust 
loading in the atmosphere about 10 mg/m®, The dust used in these 
experiments was a brick and plaster dust froma bombed site in Bristol 
and was quite fine, with a median particle size of less than 1H, A 
portion of the dust was treated initially with the carrier free 1-131 
solution and this dust was then spread over the experimental area. The 
difference in operations and the distribution of activity in the bulk of 
the dust and debris during each experiment would account for the 
different ratios of airborne activity to dust loading. Both trials were 
carried out under dry conditions in May. These experiments are of 
interest as lending general support to the values obtained in other 
experiments. They are, however, not directly applicable to the general 
problem because of the conditions, the first being in an enclosed space 
and both being particularly dusty operations. 


2.6 Health Physics Surveillance 


The last set of results givenin Table 1 was obtained during 
Health Physics control of clean-up operations in the firing zones after 
certain kinds of supplementary trials. The majority of the samples 
were obtained at a height of about 1 ft above the ground, Since the 
observed particle sizes are quite large, the fraction contributing to a 
possible inhalation hazard is small, 


2.7 Trials with Small Areas Contaminated with an Identifiable 
Particulate Material 


In two series of experiments reported by Healy and 
Fuquay [7], known amounts of particulate material were deposited on 
circular areas of different kinds of ground surfaces. The areas were 
quite small; 3 m radius in one series and 1.5 m in the other, The 
tracer material was a fluorescent particulate with a mass median 
diameter of 7 1 and a total size range of 1 - 35 pu. In the first series 
the concentration of airborne material due to natural erosion was 
measured at 40 m and 61 m downwind at a height of 0.5 m. The results 
are summarised in Table 2. Detail of how the samples were obtained 
and analysed is not given but itis stated that any depletion of the source 
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was neglected in the estimation of F, Both wind speed and particle size 
were taken into account in estimating F from the experimental results, 
and it was found that although the observed airborne concentrations 
were spread over a range of two decades, the values of F were sensibly 
constant (1.1 to 6.8 x 10-7), Therefore, these results lend support to the 
hypothesis that the amount of material resuspended is proportional to 
2. However, it should be noted that the wind speed was measured at a 
height of 2 m, whereas the relevant wind speed is that at the surface and 
hence the implication is that the wind profiles were similar at the time 
of each measurement. In the second series the effect of a short period 
of rain (about 2 hr) was observed. The results appear to be somewhat 
inconsistent, there being a reduction of about three in the value of F in 
the case of furrowed soil, whereas for grass it is greater than for dry 
conditions, The quoted average for the damp period is 0.6 x 10-” and 
for the dry conditions 2 x107”. These average values suggest an overall 
reduction by rain of about 3. 


3. DISCUSSION 


It was observed on both Hurricane and Totem that there was no 
significant shift of activity on the ground due to resuspension in the 
air and subsequent dispersal by the wind. A similar result was reported 
for the US trial and in this case the distribution in depth was also 
found to be constant over the period 6 months to 2 years after deposition. 
In all these cases the surface was largely undisturbed as the result of 
human activity, but there was continual natural erosion, From examina- 
tion of these results it appears that the deposited material rapidly 
becomes mixed in the top few millimetres, perhaps centimetre, of 
soil or sand and a considerable part attached to coarse particles, There 
may remain up to about 10% which is near the surface and can, when 
once airborne, remain suspended for a considerable time to create 
at least a potential inhalation hazard. This material may be steadily 
spread over an ever wider area, which process would lead to the apparent 
half-life of about 37 days found in the case of the Nevada Test Site. A 
process of fixation to the coarser particulate material in the top surface 
layer would also account for the permanence of the contamination and 
the reduction of the fraction which can be resuspended. However, there 
does not appear to be any experimental evidence to support this idea, 
except in the case of cultivated soil. It is necessary, therefore, in any 
complete treatment of the problem, to take into account the change in 
the contamination pattern with time. Clearly, this is a very difficult 
problem and a complete solution is not attempted in this paper. Part 
of the difficulty lies in the lack of a proper understanding of the mech- 
anisms which control the resuspension of surface material, particularly 
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the very fine particles which may constitute an inhalation hazard, The 
studies reported by Bagnold and by Chepil suggest that coarse material 
is first moved by the wind and the subsequent disturbances lead to the 
suspension of other material. It appears reasonable to assume that the 
amount of hazardous material which becomes airborne from any particu- 
lar area of surface will be proportional to the amount of contaminant 
present, may be regarded as originating from a ground level source, 
and be considered in accordance with Sutton’s theory for the travel of 
smoke clouds, provided allowance is made for re-deposition. If the 
surface contamination on particles of diameter d at time t and position 
x, y is given by S(s, y, t, d), then the rate at which material becomes 
airborne from an element of area (dx,dy) may be written as fSdxdy, 
where f is constant for a given set of meteorological conditions and 
surface structure. Healy and Fuquay have proposed a relationship for f 
of the form 


- pu 
f= Fog 


where u is the wind speed, d the particle diameter, p the density of the 
material and F is a constant, This relationship for taking into account 
the effect of wind speed and particle size is a grossly over-simplified 
one and may not adequately represent the real situation, Chepil [8] has 
defined several particle size ranges for soil depending on the ease or 
otherwise with which they are eroded. Thus, particles in the size range 
50 - 500 diameter are said to be highly erodible, whereas those 
smaller than 20 u are non-erodible except at very high wind speeds 
Bagnold [9] has reported a similar situation inthe relationships of dust 
and sand movement. Thus, in the absence of human, animal or vehicular 
traffic, the principal way in which the finely divided material can become 
airborne is by the process of saltation. Inthis the grains of sand or soil 
(mainly in the 50 - 500 psize range) are set in motion by the wind and 
subsequently cause surface disturbances on impact. There appears to 
be a critical wind speed below which the surface remains undisturbed, 
but above which sand grains begin to move and build up the saltation 
process. Once this is established, both fine and coarse material will 
become airborne, The threshold velocity to move sand (200 » diameter) 
is about 2.5 m/sec at 0.3 cm above the surface. Hence an alternative 
simple form for the relationship would be 


f= Fur eee eee) 
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where ue. is the threshold wind speed for surface movement and Fy in- 


corporates the other properties of the surface, However, the data 
available are inadequate to test a relationship of this kind, In the 
following examination of the airborne concentration and rate of removal 
of activity, we shall examine the effects of particle size on the rates of 
removal and the deposition of the material. The marked variations in 
the amount of material resuspended may well reflect the changes in 
wind speed but, because the measurements of micrometeorological 
factors were inadequate, little analysis can be attempted, 


It was observed on both Hurricane and Totem and on the US trial 
that there was no significant shift of activity due to resuspension in the 
air and subsequent dispersal by wind. It may be argued that at Totem 
this was due to the nature of the fallout, but on Hurricane the fallout 
was not in the form of fused granules and the natural dust was made up 
of sand and broken coral, In the case of the US trial in Nevada the soil 
was essentially fine particulate material. If the surface contamination 
level may be assumed to remain approximately constant, then it is 
possible to deduce the order of magnitude of the resuspension factor 
which will permit this to be realised, It will be assumed that the cross- 
wind dimension of the area is large so that the infinite line source theory 
of Sutton may be applied. If the contamination level is S uc/m?, then the 
rate at which material, more precisely of a particular size, becomes 
airborne may be assumed to be A (=fS) uc/m”/sec. The elemental area 
of unit cross-wind width and downwind length dx may be regarded as a 
line source dQ (=Adx) yc/m?/sec), This particulate material will be 
assumed to possess a terminal velocity Vp if the particles are large 


enough, or a deposition velocity Vp if depositionis determined more by 


turbulence and impaction than by sedimentation, In both cases the rate 
of deposition, D, will be given by Vp* (x,O), where X(x,O) is the air- 


borne concentration at range x and ground level (z = ®). It has been 
shown by Chamberlain [10], in the case of a source at ground level, 
that if deposition is taken into account, the source strength Q appropriate 
to any range x is given by the relationship 
ne 
4V x 
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x?nuC 
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Q, Q exp -( 


where x is the range in metres, u is the wind speed in m/sec, Cc, is the 
y : 
coefficient of eddy diffusion in mé and n is a constant determined by 
=hi= 


the atmospheric stability with the value of 0,25 for “average” or zero 
temperature gradient conditions. Therefore the airborne concentrated at 
range x from the source dQ will be given by 


Avene 
D 
2dQ exp [- WanuGy i 
dX(x,0) = %G 


= one 


avyxt/* 
D 
2a exp [- aa, | 


x2uc_xt7n/2 
Zz 
On integration we obtain the result 


X(x,0) = 


where Y 


and x, and x g are the upwind distances of the boundaries of the contami- 
nated area from the position of interest x. If this position is within the 
contaminated area, then xg = O, In this case 


X(x,0) = v0 Blea: 


The rate of deposition will be Vix and as the rate of resuspension is 


A, the net loss from the surface atx is given by pee If this term is to 
be small the value of Y must be greater than 1, By inspection of equation 
(4) it is found that the terminal or deposition velocity is the most 
important variable. The range x is of minor importance because the 


a 
term x* increases only slowly with x. For deposition by turbulence and 
impaction a reasonable value for Vp is 2 cm/sec and assuming a wind 


of 5 m/sec, a value for Cz of 0,12 and putting x% = 2 the value of Y is 
found to be 0.6, Hence, for fine dust of this kind, 10 - 20} diameter, 
significant loss by dispersal downwind would be expected, For a terminal 
velocity of 20 cm/sec, corresponding to about 50 y, the removal would 
be very slow. The resuspension factor, K, is given by 


is 


K= wo) “7, s en). 


and the decrease of K (in terms of f) with increase of particle size 
because of loss by redeposition, is shown in the Table 3 for the values 
of Cz, u and x quoted above, 


For the circumstances which have been specified, viz, a large 
area of contamination, initially uniform and a steady but slow travel 
of material andcontamination in one direction, itis reasonable to assume 
that these steady state conditions imply an essentially uniform contamin- 
ation level except in the vicinity of the upwind edge. However, this level 
will decrease with time and the rate of removal of activity will be given 
by 


dS _ -Y 
at = -fSe A 


on integration this leads to 


S=S, exp (fen: 


0,693 


eee 


and the half-life, t,,, will be equal to 


“Wy 
Some estimates of half-life are given in Table 3. It is found for fine 
dust that if the resuspension factor K has the value | x 107°, the half- 
life of the deposit would be about a month. This is similar to the US 
experimental result. These results are also in agreement with the 
observations obtained on weapon trials in Australia, In those cases 
where a resuspension factor of about 1 x 107° was obtained but the 
activity remained in situ for considerable periods, a large fraction of 
the resuspended materials was probably on coarse particles of 50 # and 
larger. The two measurements made on Buffalo, in which the particle 
size distributions were determined, support this conclusion, 


So far the contamination has been assumed to be uniform, which 
is a condition unlikely to be met in practice. Indeed, in the active area 
formed on the US trial, the contamination levels were from about 
2000 tg/m® down to 5 g/m? for the closed contours and to much lower 


eis 


levels in the area beyond, Resuspension studies were carried out in 
areas where the total surface contamination was 560, 40 and 2.6 g/m, 
but this wide range of values was not reflected in the samples of air- 
borne activity, The positions were, from the aspect of the prevailing 
wind, downwind of the most active area. The theory already developed 
can be applied to this situation, but for ease of calculation the con- 
tamination pattern has been much simplified. It is found that the fallout 
area may be idealised to one with a cross-wind dimension of 800 m and 
a downwind profile given by 


2000 exp - aa ug/m? (x in m). 


At a position distance P downwind of the upwind edge (or effective peak 
in contamination), the airborne concentration on the mid-line of the 
rectangular zone and at 5% ft above ground level will be given by 


av yxn/? 


” 4 ars Se 


Pe- 
4x 108 Pe Ae 
oe dx meteaiCGl) 
T uc, 


where X = P - x. This expressionis only true for a short time because, 
once the airborne transport of activity is established, the downwind 
profile will change. However, the main object of the calculation is to 
show that airborne concentration at any point is affected significantly 
by the extent and density of the upwind contaminated area, It is found 
that, as the extent of the contaminated area upwind increases, the frac- 
tion of the airborne material which comes from the area immediately 
upwind of the position of interest decreases. Thus, at 550 and 1000 m 
from the upwind edge about half the airborne material comes from the 
area within 10% of these ranges immediately upwind of the site, At 
2000 m the fraction is only about 1/4, The results are summarised in 
Table 4, The ratio between the extreme levels of contamination is 
about 40 and in the airborne concentrations about 20. This is in general 
accord with the US observations although the observed ratios were 200 
and 7 respectively. If the value for f which corresponds to a half-life of 
about 30 days (see Section 3) is introduced, it is possible to estimate the 
doses which would be inhaled in a day. These are of the same order as 
those observed experimentally on the US trial, The information avail- 
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able on the US trialis not sufficientto enable a detailed comparison to 
be made, The upwind ranges and contamination profile have been esti- 
mated from the contamination contours available, 


The results reported by Healy and Fuquay show that the constant 
F in equation (1) has a valueof about 2 to 3 x 10-” for several surfaces, 
i.e., grass, ploughed (furrowed) land and rock, The wind speeds were in 
the range 1 - 10 m/sec so that, provided allowance was made for the 
mean size of particle collected during each experiment (the particle 
density will be constant), these results give considerable support to the 
concept that resuspension depends, approximately, at least on u?, By 
combining equations (1) and (6) the relationship between K and F is 
found to be 


My, 


Fu” - 
K= Rav, (l-e 


The terminal velocity of a particle of diameter 7}: and density 4 g/cm® 
(i.e., assuming the fluorescent material to be ZnS) is about 0,6 cm/sec 
and a deposition velocity of this order, or perhaps as high as 2 cm/sec, 
may be assumed to be reasonable, If F = 2 x 1077, then K is found to be 
about 5 x 10~®for a wind speed of 5 m/sec. Therefore, the results of 
Healy and Fuquay indicate that for a particulate material with a mass 
median size of 7 1, the valueofK would be in the range 107* to 107° for 
quite a wide range of surface and meteorological conditions, Of this 
material, only that fraction in the size range smaller than about 7} 
would constitute an inhalation hazard, 


4, CONCLUSIONS 


As would be expected from elementary considerations it has been 
found that the airborne concentration at any position depends on both the 
extent and the intensity of the contaminated area upwind, The experimen- 
tal results obtained on the US trial in which plutonium was dispersed 
and the theoretical estimates in this report both indicate that the extent 
of the upwind area is rather more important than an isolated area con- 
taminated to a relatively high level unless this is immediately upwind 
of the sampling position. 


As it is found that the actual samples of airborne activity show 
quite marked variability due mainly to variation in the wind and surface 
conditions, it is not unreasonable to argue that a simple resuspension 
factor taken inconjunction with a representative value for the contamina- 
tion level for a particular area can provide a useful indication of the 
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degree of hazard regardless of the wind, The representative value for 
the contamination level would be an average figure taking into account 
the direction of the prevailing wind and extent and nature of the con- 
taminated area, 


From the experimental results examined it appears that a resus~ 
pension factor as large as 10~* is likely to be appropriate under certain 
conditions. In particular it would be appropriate to dry dusty terrain 
where erosion occurs to some degree and to situations where there is 
vehicle movement on dry dusty roads, Higher values, namely, 10-*to 
10-8 have been observed under rather special conditions at some trials, 
but consideration of the rate of removalof activity suggests that for fine 
dust such a degree of resuspension would lead to widespread dispersal 
of the contaminant in a few days so that such high values could not per- 
sist. Under other circumstances values as low as 10°” have been 
observed, The results reported by Healy and Fuquay suggest that a 
brief period of rain may reduce the amount resuspended by a factor of 
about 3, Under continuously damp conditions, such as are common in 
the UK, it is to be expected that the reduction would be rather greater, 
perhaps to a value of 107°. Inany case the crude theory developed shows 
that if a resuspension factor of 10-5 applies to fine dust, up to about 
20 1 diameter, this material is likely to be continually removed by the 
wind and the effective half-life of the erodible material would be of the 


order of 1 month, If the material is coarser than 20H, resuspension to 
this degree may take place; but little, ifany depletion of the source will 
occur and neither will an inhalation risk exist. Therefore, provided the 
material resuspended from the ground surface is not predominantly in 
the hazardous size range (< 6} diameter) the value for K of 10°® would 
provide a conservative estimate of the inhalation hazard. 


The observed reduction in effective contamination level by weather - 
ing is of considerable importance. Movement in suchan area may bring 
contaminated material to the surface and, in effect, tend to offset this 
reduction. 


The experimental evidence is far from comprehensive and 
observations under a variety of conditions have yet to be made, From 
the simple analysis attempted in this paper it is clear that the circum- 
stances of each experiment must be accurately recorded in detail. 
The mechanism by which the fine particulate material is raised from 
the surface is of particular importance, The wind profile and the 
vertical turbulence, as functions of height above andnear to the surface, 
may be expected to be significant variables to measure in this respect. 
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TABLE 1 


Summary of Experimental Results on Resuspension of Activity in the Air 


5 Resuspension Factor 
General Circumstances of Measurement 


Range 


Hurricane Sample of airborne material obtained without artificial dis- | 1 * 107® to @ x 107° 1x 1078 
turbance of ground surface (12 results) but_10 valyes lie betweeg values 
0,47 x 10°° to 1.6 X 10” 


Random samples collected in region of 11 crater in absence of| 1 x 107® to 1 x 1078 2x 10°? (0,8 x 107? if one result 
artificial disturbance of the ground (9 results) at 1% 107% excluded) 


Surveys on C and D roads of grid - no artificial disturbance | 1.5 % 10° to 1 * 10° 2.5 * 10°? (or 0,8 * 10°? if one result 
of ground surface (14 results, with 6 indefinite but mea- at 1,5 % 1078 is excluded) 
sured values all < 2 x 107") 


Surveys on "Dingo" road - camples collected at back of Land- | On 4th day: * 107° to 3 x 1078 

rover in motion (21 results, 10 of which 2 were obtained over] On 7th day X 1078 to 4x 4074 

the tailboard) on the 4th and 7th days after the first test On 7th day and 3,1 * 107% 
tailboard position 


Survey of road to Site C (10 results) on Ist and 2nd days 1 * 1078 to 2 x 1078 
after the second test. Of these, 3 are indeterminate but less 
than 2x 10-8 and only 2 are > 1 x 10°¢ 


Buffalo Sample collected during an instrument recovery sortie in whi 
the sampler, a cascade impactor, was carried in the driving 
compartment of a Landrover for part of the time and was out- 
side the stationary vehicle near the working party for the 
remainder 
Round 1 (H + 18 hr) 2,5 * 10° but only About 108 Of the! activity was) present on particles 
ik diameter 
Round 2 (H + 5 hr) 6,4 * 10% but only about 20% of the activity was present on particles 
< 6 pu diameter 
Civil Representative brick/plaster dust sample contaminated with 
Defence Trial | 1-131 and distributed on greater amount of dust and used 
at Falfield | during two realistic Civil Defence, bomb-site, recover 
trials. 


1. Enclosed Space 
1. Open Area 


Some representative re-| 1, Uranium (1957) sample collected immediately 
sults obtained during downwind of crater att 


jealth Physics surveil-| 1 ft above ground Estimated that 
lance of minor experi- 2 £t above grcund < 5% in hazardous 
meneaietes eaetiad { ft above ground) (dust sticced up) biveunnge 
Maralinga 


2, Plutonium (1959 Vixen) sample collected att 
1 ft above groun: 2 
- dust created by vehicles 3x i074, 7x Particle size mainly 
= dust created by pedestrian 1.5 x 1078, 3 x 20 - 60 py estimated 
that < 1% in hazardous 
size range 


By hazardous size range is meant particles < 10 u diameter at unit 
density, For sand the corresponding size is about 6 1 and for Pus 
about 3h. 


Particles collected on the first stage of a cascade impactor are sized 
by direct examination under a microscope, 
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TABLE 2 


Values Observed for F for Two Ranges and 
Different Wind Speeds 


Airborne 
Distance,} Concentration, | Wind Speed, | Factor, F 
m Xx m/sec x 107 
particles/m® 


| 


ee ee ee 
wor NViowN } 


40 


arewengrs 
@ewanwr-~) 


=| 


Notes: 


1. In evaluating F the units used were p in g/cm® and particle 
diameters in H. 


It was assumed that n = 0,25 and Cz, Cy= 0.18 for the calculation 
of X from a relationship similar to equation (4). 


TABLE 3 


Estimation of Half-Life of Source of 
Material for Re-Suspension 


Type of 
Particulate 
Material 


Estimated Half-Life for 
Terminal or Contaminated Zone 
Deposition (days) for: 
Velocity, 
m/sec 


Very fine dust ) 
diameter ¢ 1 1.) 


Fine dust up) 
to about 20% ) 


Coarse dust, ) 
fine sand ~ 50H) 


0.001 
0,002 


0.01 
0,02 


TABLE 4 


Theoretical Estimation of Airborne Concentration 
Downwind of a Heavily Contaminated Area 


+ — 
Contamination Airborne 
at Point P, Sean Concentration, 
pg/m? g/m 


Dose Inhaled in 
1 Day (f=3x107% 


3.57 x 1072 4.7 x 107° 


1.36 x 10% 1,8x 10° 


1:6) xie5 : 2.1 x 10% 
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